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Ohapter 9, MILITARY ROADS

Jiguwres referred to herein are not reproduced but ere evailsble in the
original document gt the US Geological Survey,/

Sepreral

Zerrain treversability and road networks eve extremely inrortsmt in
theatre of military opsoations. Napoleon ws fond of saying, "The ancret
war is the secret of commmioations,” and "The strength of an smy is wee
by mass multiplied by epeed.”

In the section on fortifications we becoxe acquainted with the means of
a terrein with the aim of remdering it difficult of resssge ond con-

veriing it into on insocessible area. In this chapter we shall be concerned
with terrein traverssbility and the conditions for movement over it by various
types of trocps. In this metter the military geologist can aid greatly by
giving the military experts specific deta on the choioe of the most suitable
router for roads mnd on the conztruction materisls available in the vicinmity
of the projected rcedr.

In Teble 18 21 factors are given xhich should be takem into considerc-
tion ia the combat theatsr in & susrary appraissl of the travermbility of
terrain (relief, acils snd prounds, rivers and lakes, rershes, wode, climate,
ote,) muﬁommdmuuacm&rnmmp

mwu-mma—:—zu:;tmm-u-&h
isotrepisn cr enisteony 1andecape, L2, various degress -
umuornpmmmmap-a{mmam.
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Table 18, Pactors in Terrain Traversability
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' Boads have both gtretegicel und tactical importance. I contenporasy
warfare of maneuver, any highwmy or railroed may bocome a militery objactive.
Yhen raiiroad truik ‘ bridges, etc., have been knocked oud
by serial bording, & lle and wegon roads teke on an encrmous imporience.
The laying of new routes, the restoratiun of destroyed roads, the improvement
of. 0ld roeds ~= thuse are the problems in the solution of vhich the military

geologist MAMM.

Idnes of communication are the vital arterdes which meintain en army.
The axperience of World far I showed that even in the pericd of positiomal
werfare the erny conmmed & trainioad of swpplics por diviciow dsily, end in
the period of sotive operations, up to 60 trains. To swpply o divisien's
owabat activity for one day, an sverage of mot leoss than 500600 tons of am~
gunition is requived, which constitutes ome half of the gemeral roquirememts.
From Octoberv1915 until 1, Warch 1917 on the Russisn-German Front, 74,200
kflometers of &irt road were reconditioned, and 3,710 kilometors of trumk rond
and 718 k' lometers of new pavement waro constructed. The Amorican Army in
its chort stay on. the fremt 4n 1918 constructed 275 kilometers of now pavement,
and restorsd 3,500 kilemeters of old pevement. The daily requirement of
crushed stone amountod to 3,000 tons. ‘

In the Qreat War for tho Fatherlsnd, the scole of militery roed con
struotion incressed atill more, and the destruction of lines of commmica-

+ion reached tromendous proportiors.

The condition of roads must be take: into account for all novemento and
nilitary opezations. A plan of battle, either offensive or defensive carnot
be properly druwn up without an accotnting of cemmunications, i.c., without
& oonsideration of thie roads whick 1ink the frout with the reer. There are
engloeer oorps in ail armles, nhoeo basiv “ask is to meke securs the moverent
end mensuvering of troops. The geologist generally wur¥s es v part of the
gteff of the sagineer corps or in contact with them,

MIttary cosmunicstions include tha entire system of supply roxtes -
reilronds, mter -and automobile rcads., A disgram of comwmicatichs
in & conbet sone is presen in Figure 73, p 196.

Cross_Country Routes of Narch

In the forward somé of o combet arva the movement of tamops s effected
by specislly construstad crose-crumntry routes of marich.

" Crosscountry routes of narch are temporary roads of the oimplest typo,
intended for movement of troop unite with their materielrard for othar tyves
of tyanapoith, ° . R

4
E4

M routes of march are construsted:. -

1. On the offenmive, to secure the approach, thromgh ths defensive cone
of the cnexy, of infantry regiments, their regimentel train, end artillery,
‘mdduforthg,tﬂﬂpﬁbhﬁﬂonoftr&peabﬁfm‘ghthmrearam-ot
Toginints or divisions, : ,

2. During preparetioms for the offemsive, for tank units on their de-
rlewmapt %o their positioms of veadiuess and during the paessge of an echolon
with & uission 40 dewelop a Lreaktirough from 4he intomaediate position to the
1ino of departure end further to the none of the breakthrough.

3. In sovements by modor trangport, in cyder te wovide for wavemsnts
in loading and unloading arees and tho approaches to these arees.

“3-
|y

- LG O C
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A great deel of work 1s required for the cunstruction of cross-coumtry -
lings of weroh in mountainous theatres of cperation, laying them out in the
spring, vhrn roads are bad, 1s aleo fraught with grest difficultics. The
roads hecone particularly importent in winter,

The (Teat importance of cross-coumtry routes of march in the offénsive
wms 1llustrated by the sstivity of the Red Army in 1942 in the liquidation of
ihe so-oslled Demyansk Base of Opsretions. i hundred kilomsters of 7oed,
over vhich our iufentry, artillery, and automotive transport moved, ware
1244 3 & sarshy, woded ares, with inSufficiently frosen ground, in deep,

loose snow,

mmmdwmnmmwmmoummﬁan

pansage natural and artifisial barriers (swampe, rivers, irrigation
ss-countyry route of march sust

&s short as possible; (2) provide or at least facilitate csmouflage; (3) awoid

areas shich facilitate the sovumulation of poison gas or vhich pess through
defiles (without J sing camouflisge); (4) require the minimm outlay for
6 mond’ 3 m‘gm 1&1::0@ (sandy ‘:11;-;“ i1
de over 80
i '(lnm)nm-tmmmﬁt”-qmumdmdmmréma;
5?) secure the whampered movenent of the heaviest machines, motorised and

mechanised forces, artillery, etc.

Infentry and tenks cen move over slmost ary dry ground. Tanks can sur~

mount grades of as much as 45 degrees. It is known frow the experiance of the
Mf":torthohfbuhndthtummomumonwﬁcut

nmmmndmwmmofmmmmu-
maen.m—mwmwwmmmm.m
reilef, and the pressace of water obstecles end swampy sTeas.

hthoaubmmorhdmh,thfomrﬂumnbow:

1. To lay sut the course slong the watershed and places of fire ground
(sands and sandy, clayey solls).
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P o
Padle 19. Basic Blaments of Cross-Country Reutes of Nareh

¥iek Plain ar Breken Torrain Mountainsus Te n

¥idth of )(-x‘fnh ¥ax Ourve ¥idn of Nax grade Xax Curve
"assage Macin- Pasasge uf' Rndiue
(Neters} (Meters) (Mators) {Nosers)

for movemsat of in- : Tording dapth for
femtzy, cavalry -nd 10-15 . » 1-2.5 20 10 ) oxvalyy, 1.2 moters;
ogaipams for fafustry. L meter

S:5 artillery, nech~
aaised or hores-d-a:z 2-5.3 15 : Notorised artille;
oan olimd’ H»‘H? slopes
ia sxosptionnl caseqylp
firm 4&ry grouzd,

Ia medlwm dmet woode
of vroes 2550 om 4.
ster, grelimiomsy
Zinearing preperat
s reqaired.

Tor metorised unite md
mtomotive transport 3 Tor mtomotive traaspart
: foréing depth is ming= - _
mom compared to other
neaxe of looomotion -
0.5 metor.

morEs; I forested, warshy, mad mounte - tervain a oclearing wust !;q nale avayy 200300
seters for stalled machiaes.
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mmwmmemﬂum:
gravely (2) stone (chausses, cobblestons. ote.), (3) dmproved
Wm@% eh:u(')n. m.§, (A)n;-rurmdo tum‘—mm).
roud classificstion 1n use in the USSR, showing the
o 2 T e il
type of road buAlt in mriise, Imov:‘&

ot (1) ol the rosd

Lonetiudinal lewveling; (4) lateral
“ﬁmmmun;mmm-r:

section which foll deals with military vajlroads, The pertinant
dats iz sumarised in Tabls 2
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fabla 20. Clansification of State Autonodbile Roads in the USSR and of Standard Basio Elements of Fosds

Clase of Soad snd Class I Class II Glass 113
Hature of Terrain {Main Auto Plagr Mellef Balief
Rosds) Plain Broken Kountatn Plain Broken Founsain

Rasimated spesd in km/hour:
s Light motor vehicles iz norsal
csnditions .
b, Light mctor vahicles sad trucks
on slippery roads
Funber of Lanes
¥W44th of total right of wvey in meiers
Vi4th of traffic rosdway in moters
¥idth of earth roadhed in aeters
Rediue of curves in §:
e .asic oslouleted
. b, Kinisus
Oradtest 1imit ia %
e N
b. Ia exceptionsl cases
Distanes of vieidility in meters:
a On the level
b In profile

EB8 §§ Boadni 8
55 nu 33 ac¥e3 ¥

0 [
25 0
2 2
» x
3 6
[ 10
200 %00
23] 150
[ Y
7 5
by 90
25 a5
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' fable Z1. Technical Cor'itions for P=ojecticn and Building Military Fisld Reilroads

, {Data in abbreviated form)

-

Ropd Elements Sgepm-Locootive Traction Diesel Loogmotive or Forss ¥rzotien

Limisetiens cf rise . Vithout discancs )imitation, 0.016. 1In espeaially atf- For Diexel sngine, asme ns for
ficult conditions on a stretch of not over 100 msters. stesst. Tor horss tractiom,
¢.0%0 up to 0.020
Limnitations of redius 50 meters; in stations, up to 40 meters . 1% nesters
Widtk of earth roadbed 2.5 meters for sandy fills. 2.10 meters for hrsaches For Diessl engine, same as for steas;
bailt for a short time for horse traction, 4.2 meters; in
deep hnllowe, J.80 meters is pere
rissitle
Thickress of dallast layer 0.10-0.20 metere 0.30-0.70 neters
¥idth of ballas layer on top 1.60 meters For Diagel sneine 1.60 noters
. For horee traction, 1.30 meters
Elsvation of roadbed abdove 0.30 meter ’ 0.5C metara

level of highest water (In case lines ars constructed for iong durstion}

Elevation of lower part of
bridgs girders above levsl of i
highest vaser 0.20 weter 0.20 metera

Distance between stations 10-16 metera; hetween rallroal sidings, 5 lm. ’ For Diswsl engine, same az for stemm,
oy horee traction, 25 km; betwsen
eidinge, 12,5 ke

Greatest gradient at stetions 0.002 3,010

g N ——— N L
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tary bridges are divided into thres clmsmesy (1) bwidges for attack,
(2) Mﬂw for convoy, (3) statiomary bridges.

Bridges for attack are uweed in foreing a river crossing. Incinded im this
group are tank bridges brought up in preassembled form by aspecial engineering

tanks anli oconstructed in less than i mlnute voder epemy fire without the crew's
leavring the tanks.

Eridges for convoy are intended for the orossing of the main forces and .
are constructed on floating and rigid supports, Light tridges oun take a mex-
fwum loed of 20-30 tons;heavy bridges, up to 50-70 toms.

Stationary bridges are constructed slong resr lines of commmication on
floating end rigid supports.

mmnmmmwoonmdemMumammm
theatyre are of the beexm and btrecs type.

Military loads ave claseifioed ac caterpiilar loeds {tanke, tractors) &.ud

vheeled loads (automobiles, artillery pisces). All standard bridgee are :
divided in f>ur classes on tho bapis of load capscity, as K1, N2, N3, R4, a8,

shown in Table 22.

In conmputing the load cq-city of bridgee, ‘he caterpillar«type loads

are formed dinto & tredn, 8 firet-class load (K 1) consists of a train
nade up elther of ca tcrﬂ.llnh‘.ypoloadso.ltfmﬁorofmeubaeledtypolud
with rear-axle

pressurs of 4 kg per aq cm,

Bridgs materials ere terted either with raference ‘¢ a traim of loads, an
individuml caterpillar load, or an axle, Jepending on which kind of loai causes
gmatcdahntho-tahlﬁichhbamtem

hiqummdunawmmukwwwm.
Troops often have to cross streams by fording, swimming, or, in winter, on
1ce. ?MtumraNaMMdoewmo.wm;urbiuwmm-

itery trains, ap to 0,70 2ilter; tamke (mot npbmloun). up to 0.90 mster; in-
tu:tu,mlntor;wdmnlg:wbl,l.o Exanrieo of heroic foreing

mmmdnmumummommm: (1) recon-
nofiering, (2) detailed study, /3) reduction.

Beconnoitering starts withk a mep ctudy of the direction of a read. The
Ihdem,-_mgWMmbmm,mm

-‘9-
JEENED
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Table 22, Standard Militery loads

Trpe Catorpillar Losds haeled Losde
Oeaeral Velght Length of Width of Vidth of Pressure on Width of Width of
{in Tons) Caterpilla. Passags Caterpillar Rear Axle Passage Bim of Rear
Tread Treat Whesl
(1o Meters) {in Mesers) {in Meters) {in Xg/8q Cm) {4n Moters) (in Keters’~
Y 10 3 2 0.25 ] 1.5 0.2
52 4o 3 2.25 0.25 6.7 1.5 G’E
. »n 5 2.5 0.5 10 1.7 0.
 § e 45 5 2.% 0.50 15 1.7 0.4
- 10 -
-
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. panses, eto., are marked on tovegraphieal map7. Investization of the terrain

strustion, snd an appraisel ie made of the conditions of travel on
roeds, stc. & mmber of alternative roed cou'ses must be considered in the
gtody in order to bave a basis for cosparstin: owmluution,

The

detalled study consists of spot surwiis by lostruments, in tracing
1inos on drafts with hordsontals, in laying ovt the torrain, levelling the

Y L T TSerY I &
PEanGa) Elrection, stoe ’

*]

Reodoction work 1s carried out juet before the comstivstion of the road
with the purpose of reducing the line, the intsnduction ot noceseary correctives
in ?o:t. road projoct, and preparing drawings erd other docmmuntation for the
Pro - "

A road between given points should be a8 narly as poesible ¢ strajght
1ine, In pescetime, deviations may be justified by ecomomic reasois; in war-
tine the besic requirements are speedy construstion and sesurence ¢ troop T K
movenent, Furthermore, in prejecting and eonstrusting military ro's, the RN
demands of camouflage are imperative. Thus, the islection of the roa''s course B
is deternined by a compliceted combination of reaioms, and a straight \ine will
not always be the most desirable direction of a military road, Furtiimmore,
the location of road materials must be considered us a facter in shcilening
the eonstruction time.

The following factors determine the correctness of choice of the 1tad's e
course: .

1, The minimm amount of carth work and smelliest number of tridgzes re-
quired.

2. The firmness and solidity of the soils amxl sirata
3. Noarnses of looetion of construction naterials.

4o Suitabllity of the terrain for the camouflagini of the rosd and fa1gp
N movenents
Study of Sofle end Qrounds .
In handling problems of road construction, the most convenient classifi-

~ cation of soile i3 that of M. . Sibirtesev, nhich divides all soils into thres
classes: sunal, intrasonal end azomal,

Clags i, somal soils: (1) tundre moilss (2) podsol soils; (3) transitiomal
poils (iGtween foreast and steppe) . (4) blackesarth soils (stespe soils); (Y)
chestnut-brown and brown soile, grayish soils (esils of dry ani semiarid steppes);
(6) laterites (sudtroptcal solls). ’

\38 intrasonal soils: (1) saline so0ils ("solomets") soil undrrw

A' soils /ecl s (2) ®solonchak® £oils (“solonoliek”) and tweckish-usrshy s0lom-
| chakovo~bo! soiis; (3) mrehy coils (peat, peaty-gley, msadow and coxy
" gloys); (4) soils (eomi-marshy); (5) dark-colored soils (black-
earth tyre soils); (6) huus~cerbomated soils.

Clas¢ III, asomal soils: (1) Alluvial arils (rim;; (2) eroded and washed
golle; (3) coarse stony, gravelly, and pebbly ecils; {(4) pins-forest sandy soilsj

-]] -
-
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(5) surface outcrorping sad cx;osure of soil-forming atrata.

In the & stributicn of soils it is recessary tox te.ke int.o acceunt vcerw :
tain uniformities:

1. The law of horizontal soll zones (formulated by N. M. Sibirtsev).
30418 oceur in zones (or strips) which alternate fro: north to pouth.

2. The law of verticul aoil zonea (propesed by V. V. dokuchayev).
sdven Lo slopes the bases of which have similar gecloienl craracteristics,
the succesalon of soil ty es along e.ch slore will also be si-ilar.

3. The lav of soil mierozones {icademician Afanas®yev). I asall
reilcf deprcssions soils are disposed in the form of mindaturc vertical
ZONT3.

A11 throe of these luwa ecan be corbined in one general low of analogous
bo,rocr)nphical scries of soils (o vertieal zones correapornds to cuch horizantadl
ZONO «

L. The law of rcversal of il zones (11, Filatov and I. . Krachenin-
nikov)., The disposition of mountainous regions and ridges and the directicn
of slopes bring @eout a tranopesition and & srlacenent of soil =wnes both
vertically tnd along the dlopes, depomding upon oriontaticn wdth relation to
the points of the compascs. S

5. The low of soil rcpions (L. I. Trasolov). .ua a conseguence of local
rhyd cal geograpinde condiua, soil zones are divided into moc or less cx~
tended repions often far rermoved fro. euch other.

Fi:14 cxaminaticn of the soila is carried out with thc aiJ of ecmall proo-
pecting pita and pdt~holes. The rrospecting pits are 0,80 meter by 1.70 metere
in cross section and are gencrally suniato a de.th of 1.5 to 2 zeters. (ne
of the slaes is located facing the sun, which permdts a sarcful study of all
the mory ological characteristics of the so’l and @ separation of genetic
levels and asblev: ls. Specimene are gather.d at the same tire. Control rits
(half-pits) arc dug less deeply — to a depth of one meter {cross section 0,65
meter by 1.30 meters),

Ilecords of the c}.mimtion are Kert according to a definite forn. (Table 23)

In addition to the gronulometric jrojerties of the soil it is ulso neces-
sory to take into azcount the eloctrochemical rrocesses taldnr rlace in connec—
tion witi: capillar phenorcna. These phenomena differ in soils of ssirlar
origin, even thoug: the grinulometric compction of these solls may be similar.

Traveraability of Swomps and thc Construction of Roads Throur:

\jdestread marshy arcas and swamps are to be found in regicno ol oxcessive
rcisture, mainly in tho forest sone of temperate ciimate gcographically connectad
wich the Cuaternary glacial region,

Swape. occupy a vash part of the territory of the Ussl, They arc found in
the southernnost steppe regions, vhere swarpy bottomlands, called "plavni, ® have
developcd in the lwer parts of the Dnerr, Uon, and “uban 2ivers. Inundatdions
oceur even in semiarid regiors where usually dry rivers bring dovn in sprirctime
a creat volume of water which accwmilates in tile loverlaces. This is the vy
salt lake-swarys, ¢° the type found in Kazakhstan are formede.

The follo ing data is needid for military road comstruction tirouch svamyss
1. Jcsipation of the svart and geopraphical locztion, distance from ine
habited ilaces or other crientation reints.
L J

-12-
SR
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Table 23. Fisld Jeurnsl Form

Dat® oo (For Soil Heaearch in Road Constmmction)
(Pirst Page)
Progpectirg Fit No

| & nk Plus RBight =
Left

P

1. BRelief of area .

2. Hellef element in which prospecting pit is sunk

Type of 1lend and vegetation

3
4. Type of ground-soil end name of bpeement TOCk -
5

Hydrslic conditions {aurface drainage; surceptibility to flooding, etc.)

6, Subsoil water level when unearthed

Settling point (date)

Gleying

{3econd Page)
Nc of speci- Vertical Neme of Thickness Coler %int Gramlo~ Moisture end ickneas Structure Kew formaticns, Evaluetion oy
zen and depth cross genetic in ceati- . medric i{is character- according and its admixtures, sf oopstron-
of sampling section level meters composl- istics (lever tc the ace thickness scouring tion rroper-

tion of subsoil - cepted ties of

waters) scale grounc
1 2 3 u 5 & 1 8 g 10 11
~ 13 -
ISIRTONED.

; - watlilin.. snise .
N Sanitized Copy Approved for Release 2011/06/09 : CIA-RDP80-00809A000600130101-5
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‘Pable 24. Granulomeiric Classification of Soils of the Section of Animal-Traciion and Paw yada
of 2he MKVD, USSR . :

soils Contents of components in $ by weight
) Sandy Dusiy Clayey -
(2.00 - 0.0% mm) (0.0% ~_0.00%5 mm) (1288 _than 0,00% wm) ) )
Sandy Legs than 15% Tess than 30
Sandy-dusty 15-50% Neas than 3%
Spndy-loam Particlea 2.00-0.25 m Lees than in sandy 312%
N over E
Fine sandy-losm Particles 2.00-0.25 mm Less than in emndy 212§
less then
Dusty Greater than in sandy Less than 12%
Clevey Greater than dusty 12-1%2.%
Heavy clayey Greater thrn dusty 18-25%
Dusty clayey Greater than sandy 1?.-255
Clayey . over P5%

BOTR: 1. For coastruciioa purposes sands are divided into four types:
a. Coarse sand -~ with more than 50% of particles from 2.1 mm
b. Medium oané -- with more than 50% of particies larger than 0.5 mm
¢. Szall eand -~ with less than 50% of particles larger than 0.5 =mm
Seall send ~- with more than 50% of particles larger ‘han .25 mm
d. Very small gand =- with more than 50% 01 particles emallsr than .25 mm
2. Soils composed of over 10% of particles larger ihan 2 mm belong in ths gravelly or stony type.

-l -
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2., Geonorsnoele;icel cnaractaristica of the 1endacene of the » €&, neculiar-
1t4es of the meeo~ end nicre rclief, the presence of hillocks end stagnent pools.
It ie necessary to indieate the origin of the relief element with yhich the
swamp ie¢ connocted (wnesher it is the nroduet of clreintinn or the ectivity of
erxinting rivers, otc.)

3. Vepetetion: lkind of trees, ennroximete diamcter, etc., [rREE; COver-
ing

4. Copditicns of water supply of the owenp (&irection of the “urfaco M-
sff apd tha average de/sree of alope of the aurnn's gnrfece)

6, Dresense of drain=ge networks

6. Thtelimoss end mature of tne pert, its carrying ~ower ann the ground of
the susap'e bose

In co0n A, & Crossing throngn a svwe'm one shonld be cuided by the fol~
lowin,, coneiderationn?

3. The swaop showld b crosaod ot its nerrow at noint.

2. The route snould croes the e nt 446 ohpllovsest point {nanally tnis
ig the seme ns tie narrovest 0int). »

3, The roads should be lai< sottom lics horizont:1ly.

4. Tie height o1 the ebenlmente st be determined in such e wey that
tho rin of tne finisicd rozdbed will rige epove the botton of the enbenkaent
no less than 0.0 neter sbove the capillery rise level of the wnter i% the
ground of the cmbanknent.

Bsgablishoent of o Drainace Syoton

The esteblishment of a propeér gysten of drainagse, upon which the re;nular
functioning of the rozd depends, i3of besic importance. .

Leter: ) ditcies, cut as trapezoids or trianclos, ~erve to lcuer the level
of subecil water or to drein off weter flowing from the sarface cf the roadbed
or thc slones of excavations. Ditciies ncy be aigpensad wita only vhen the rord
is locrted on en cmbanicent (over 0.5 nete~ hich) of sandy or cravelly ground
aflordin, .00d drminsse. when conte:ding wit: foat- floving weter, the ditchies
sheuld be reinforced. Meir cont': depends 00 the nsture of the goil and the
vidth of the earth roadbod, (see Taule S5, D 229).

Spocial dreineje sysueis are constructed to proteut the base .ron being
eonkei br subsoil waters, especially in cround vwhich hes righ canillerity or
a mer..ed tcndency bo form chasms. The Jepbih of the drainase cysten depends
upon the 1evel of the unter teble, the capillary peculicrities of the seil snd
the denth of freezins.

The re«nirements of drainags of » nilitery roed will then depend upen (1)
the condition of tho veatler end the waather forecest for the set period of
uge of tne roed; (2) the relief featur.s of the erse; (3) the level of the water
tadle; and {4) tne soil.

dgugen of Deteriorntion of Roads

Po insure the contimuous uoe Af roads they Zust be rerulerly inspected
salred. All dizt roads e:copu send roads deteriorate in wet wezther; cley
roads nay beoone irpessable with deen mi. Bren paved roeds arc subjoct to com-
plete destruction by usc end from the waather., The follow.ng recomvendations
ave ssde for maintaining roads in goud shape: (1) use of the whole width of the

road ty vehicles, nod Just cne track: (3) sesting apart 2 separate route for
-15 =
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notor trans-orts {(3) incinsion rithir notorized colunns of specisl :mchines
which level off ruts and “oles in thr roed; (4} soreying dirt rords in dry.
weatlior with a solution of celcimn chloride (20 vsrcent concentration) in the
amount of 0,8 to 1.1 kg per sg met«r. Calctun chloride, being hygroceopls,
caugses herdening of the rronnd ond aininizes 3ot fornmation.

An anwelsel of the traverssbility of 2 region and of the conditiona af~
fectin: road conntruetion shonld be made in the li-ht of pest snd futrwe com-
vat cperations i o (iven are: of the trherter of nilitrry operrtions. It is

negasant,r ales $0 teles ints gonsideration the rdsh desree of mechanizatinn of

ermorcd ;nd oncincering troops.

In yextlie, the work of ths ;eclo ist in Tosd-sIrve Creus 6CHires oar-
tizuler iomortance. The psolontst dust »7%en jive deteiled anclis-en an o
veys cad A~ acenretc and bold deoisinng :n the  eld, fmedlately s»nd -rith-
out wruperation. This enhances still nmoire thie inportance of colo lezl -or'
in hi, husy sabters dnrig o neriod ol niliter, o:eratione.

7 .e geclo, ist ¢-ncer:.ed with prorlens of traversedbility ond with the ex-
-loretion of ¢ro-o-co nir; routes of iwre’., -ords, croseiags, ete., maat rnot
pe co-f.ried w.$' An the cwrror linits of .o specialty, since ciological factors
cre onl o rooeeta of trave 'srsilit; ~nd not clusys the -ost inport-ont asoocte.
thesticas of sodl tciedee, tersaii, climvto, vepetatiun, cmt hydrogeslo;y sre
sf nc le-- Lportance. The ;jenlo;icel ~orvice of nilitar;: ijhueys ovst, on
the oune i, be urs0d on a storew ;. anali'sls of the lendscc e of tre re inn,
ucdell reflects & comslex of vhenonenz, s, on tle ot cr, must utilize t..e
ieteat setiode of astud)ing the niywsicel ard loc wm.icl characieristics oo soils.
The geole, 43t met he acguaintod wit!. not) oda of al .way constroiction rnd  ith
a.asures Lo Laproving: the quality of roacbeds fstabilization of seila) siace
rozcs aust we Ullt even under t e most acverse conditi ns znd on unstrole | round.

The geolocist should exhibit grest inittictive in rerrching for local materisl
tfor ground reinforcement. The charts of rard Sraversadility should iaclude ouch
fectors a~ geomorphologicel conditions (for ezam.la ~ slope steeper then 30
dsgrees, ground soil, dewosite of conetruction metarials fos the paving and
improver.ent of rocds, alghweys, vegetation, swemns, snlt marches, rivsrs (fords)--
in e v-rd, everything that is necessary ror »n sccurate ap-raisal of the
troveranbility of tho recton.

In the various lzndscape zones it is nscessary to (ive - cle'r account of
the relztive imnortance of isolated elezcntu affecting trr-vars:bility, =a foliows:

1. ilorhology and Geology

Thése elements are of importance nr .ncinallr in mountzinous counirics.
Ayery nounizinous country has ite own mornhctiogic and tectonie structvre which
deternincs tne conditions of trave.sability.

The treat of encirclement ossesees greut immortence in mountain wyar-
fare nand L8 2 ~rodblen for defense. Tuervforc, it L2 imnortant nere to meke en
ap r::isel of neases end narrov cefiles which hom~er meneuversvility. Terrain
condit!ns iu the munteing conforn to vpecifiec variicel zoning, which must be
determined with the meximum possible cora, since the boundaries tetween sorws are
mot. eatablished merely by borizontal and absolute marks, but show many variations
depending on the asymmetry of slopes, their exposure, the asimuth direction of a
mountain range, and the whole range of artificial clementa produced by ihe hsnd
of man (the felling of woois, fields, plowed land).

It is recessary to distinguish within the boundaries of the verticel
-ib -
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lsndscape zones peomorphologic complexss, whose peculiarities cre identified
by geologic formations. Here it ls importent to point out mot only tho com-
position of the rock, but also its stratifiogtion. Alpinists well kmow how
mush easlor it 18 to scale grenite cliffs than shale,

2. Ground-Soil Conditions

These conditions are of predominant importance in steppe, samiarid,
and arid zonos. An pvraisal of the traversability of ground soile imvolves
the consideration of:

a. Horizontal and vertical zomation of soils
b. Natural cohesion of scils and grounds
¢. Extent to vhich bad roeds are produced (uring wet veather

+ 4. Degree of soil and ground stability during dry moa ther vith regard
to formation of dust

e. Conditions of soils and prourds typical ol given areat (drymuss,
" wetross, tine onc curation of tho season of bad rcads, ste),

3. Climatic Faotors

The study of climatic factors la carrlec out by the hyérometeoralogi-
cal ssrvice. Although these factors 45 not constitute a basio objective “or
geological {uvestigation It is necessary to take them letd account for 8 comple.e
appraieal of the traversability of a region. Problems of saturated groumnt, dus:,
the appearance of snow cover, opnasms -- ali these ave 1loked with hydrometeoro-
logical condlitions.

Snow cover is of prime importance among meteorological factors affectisg
the traversabllity of mountainous reglons. The nidst signiflcant phases of the
location cf the snow line must be plotted on the chart of the c¢lements of traversa.
bility. In morthern regions the begionlng and duration of the frast period is of
great importance. Marshes and rivers in these cegions may serve ae good comamn! -
catisz routes during frost roriods. Consequently, it 18 lmportant &5 record th:
tiws of fisering and thawing of the rivers, tha thicknesa of the ice, ctc {Thise
data oan be recorded ln the form of lmolines op charts.)

Particular attention should be paid to vecther forecasts. The suciees
of operstions irequently deperds ca weather farocasts. in particuler, the seitling
of fags bas grest importance for the suvcess of sudden cperetions. Fogs cover-
tng thy rivers sorning and evening and remaining for prolonged periode on lakes
effestively mask operations on water from aerial otservation and thus aid orosaings.

4. Vegetation

This slement must be COonsldsred togsther witd murphologiscal and grousd - - -
a51l osnditions. In fomsted regions vegetation is onz of the malo faotors af-
s ; fecting traversadbility. It is necessary (o distinguieh:

a. Swamp vegstation

%. ¥oode and scrubd

c. Grasay vegetation (meadow, eteppad, and dseort)

4. Caltivated vegutation (gardens, parks, czopys, vineyaris, corn
fields, eto.).

. Plant cover developed on areas of land faflusnces road characteristios
both gositively eni negatively. In the first care, grassy vegetatiosa forus a gt ardy

17 -
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sod facilitating traversability, In the ceconl, ths premoncs of hillocks in .
swanpy mesdows hampers movesent,
5. Bodies of Water
Rivers, lakes, and swamps are t elementa a’fecting traverse«
bility. Tithout & cereful study of these objects, their bard:s ond thedr gemetie
it is Smpoesible for the gsolegist to offor advice in the delso~
t4om of orossings and bridgos, Sloping barks pexmit transport to cross ab ol

nost any place oh a river. Steep, abrupt, and rooky benks complicate pesuage
across mf.q- barriers. OSwamp areas on the banks of a river humpor the ssvement

~ of trenspart.
6. !wens of Commurication

A metwork of reeds of vardous types ia neceseary for the facilitation
of traversability of texritory in the theater of operatdoms. The goclngist
perticipates in the sslection of the course of the roed and 1n its construction,
Ins dem‘thmwaWMWaabﬂﬁy
of the territory held by the ememy. Viithout coneideration of routos of commmd-
cation such an a4 would be incomplete, and this ohliges the geologist to
be eufficiently femilisr vith all typec of roeds and with the elamsmts effecting

 their comstruction, Furthermore cotstruction nazsiste in estoblishing certein
peculiarities of the matursl mmiitiom of the _endecape (sise of & valley, the
width of rivers, the steepneas of slopes, ote.).

At he samo lime, it is nsceasary to iwow the sethods for tha most

Bagic types of obs'rustions or obstacles wirich may

rapid restoration of roads.
YLe encowntersd on roade in war time aret

a. Mined and contuminated fields

b. Sections with landslides, obstructions, barriere, {issures, craters,

6. Sections with various types of wira obstructions
d. Ground strewn with broken glass, thorms, and srpikes

yeotione rith watsr cbstacle: and artificial glaze

8
Tracing of road boundaries is a preliminsry step in the vorl of res-
dotours of

soration of & road. The goologist may be consuted in plaming
demagel sections of roeds and also in sesrching “or local deposite of handy min-
eral comstruction matarials for repairing roads, filling 4n oreters from vrojes-

tiles and boube, and reclaining swemped sections of roads, ate.
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